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History and Physical Examination

A 34-year-old woman presented to our orthopaedic clinic

complaining of multifocal pain in her chest and legs. Her

initial symptoms began approximately 2 years earlier as

mild aches occurring at several places in her legs. The pain

was intermittent, was aggravated by weightbearing, and

initially was alleviated by antiinflammatory medications

recommended by her primary care physician. After several

months of waxing and waning symptoms, she began to

experience similar pain in her ribs bilaterally, unrelated to

deep breathing or exertion but reproducible with deep

palpation. She was managed nonoperatively for more than

a year by her primary care physician but eventually she had

constant, worsening right hip pain develop, which limited

her mobility and was not controlled by over-the-counter

medications. During this time, she also noted an exacer-

bation of her baseline leg and rib pain. She was referred to

orthopaedic clinic and was seen approximately 1 month

after the hip pain developed. She denied fever, chills,

weight loss, fatigue, weakness, numbness, or other con-

stitutional symptoms.

Her medical history was remarkable only for severe

reflux disease, for which she had been treated unsuccess-

fully with proton-pump inhibitors and histamine blockers.

For control of reflux symptoms, she had been taking sev-

eral doses of Extra-Strength Maalox1 (magnesium

hydroxide/aluminum hydroxide; 1000 mg/pill; Novartis

Consumer Health, Inc, Freemont, MI) daily for 3 years.

Her family history was remarkable for rheumatoid arthritis.

She denied current or prior alcohol, tobacco, or drug use.

Physical examination revealed a young woman who was

in no apparent distress, was afebrile, and had vital signs

within the range of normal for her age group. She had no

palpable cervical or supraclavicular adenopathy. Her car-

diovascular, pulmonary, and abdominal examinations were

unremarkable. She had tenderness to palpation to several of

her ribs posteriorly, left ankle at the lateral malleolus, and

right hip at the greater trochanter. The hip also was painful

during flexion, abduction, and external rotation. Her right

side displayed 3/5 iliopsoas and 4/5 quadriceps strength.

Otherwise, her extremity examination revealed 5/5 strength

in all other muscle groups and no deficits in sensation or

limitations of range of motion. She had a severely antalgic

gait and guarded her right hip.
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Laboratory studies showed no abnormalities in basic

metabolic panel, including blood urea nitrogen (17 mg/dL

[normal, 8–25 mg/dL]), creatinine (0.8 mg/dL [normal,

0.6–1.5 mg/dL]), and calcium (9.8 mg/dL [normal, 8.5–

10.5 mg/dL]). Liver and thyroid function panels also were

within normal limits. Her automated blood count revealed

a leukocyte count of 6200 per cc and low hemoglobin

(11.6 g/dL [normal, 12.0–16.0 g/dL]). Further evaluation

revealed a normal erythrocyte sedimentation rate (14 mm/

hour [normal, 1–25 mm/hour]), normal C-reactive protein

(0.9 mg/L [normal, \ 8.0 mg/L]), elevated alkaline

phosphatase (244 U/L [normal, 30–100 U/L]), and

decreased phosphorus (1.9 mg/dL [normal, 2.6–4.5 mg/

dL]).

A bone scan was obtained (Fig. 1) along with plain

radiographs of the right lower leg and left ankle (Fig. 2).

Chest films (Fig. 3) and MRI of the right hip (Fig. 4) also

were obtained.

Based on the history, physical examination, and imaging

studies, what is the differential diagnosis?

Fig. 1A–D Posterior views of a

whole body bone scan with (A)

darker intensity bone window

and (B) lighter intensity window

show generalized increased

uptake. Numerous foci of uptake

are seen bilaterally in the ribs,

shoulders and lower extremities.

No increased uptake is seen in

the thyroid or parathyroid region.

(C) Anterior and (D) posterior

views of the lower extremities

show multiple areas of uptake in

the tibias bilaterally with the

highest intensity in the right

midshaft and left distal tibia.

Volume 467, Number 4, April 2009 Chest and Leg Pain in a 34-year-old Woman 1113

123



Imaging Interpretation

A bone scan (Fig. 1) showed a generalized diffuse uptake of

radiotracer. Mildly increased uptake was seen in the right

hip. Foci of increased uptake were seen in the tibias bilat-

erally, left distal fibula, and bilaterally in the upper and

lower ribs. No increased uptake was seen in the thyroid or

parathyroid region. Radiographs showed mild diffuse

osteopenia and an area of smooth, unilaminar benign-

appearing periosteal reaction along the lateral margin of the

right proximal fibular diaphysis (Fig. 2A). A healing, non-

displaced, transverse fracture of the distal fibular diaphysis

also was evident (Fig. 2B). A chest radiograph was reported

to show multiple rib fractures correlating with findings on

bone scan, including the left fourth rib (Fig. 3). MR images

showed an area of marrow edema along the compression

side of the femoral neck with a central area of linear low

signal suggestive of a nondisplaced fracture (Fig. 4).

Differential Diagnosis

Vitamin D deficiency

Hyperparathyroidism

Metastatic disease

Aluminum toxicity

Hypophosphatemia

Antacid-induced hypophosphatemic osteomalacia

A bone biopsy was not deemed necessary for the diagnosis

of this patient. Based on the history, physical examination,

imaging studies, and anticipated histology, what is the

diagnosis and how should this patient be treated?

Diagnosis

Antacid-induced hypophosphatemic osteomalacia

Fig. 2A–B (A) In an anteroposterior view of the right leg, the arrow

and inset highlight the unilaminar, benign-appearing periosteal

reaction in the proximal fibula and osteopenia. (B) In a mortise view

of the left ankle, the arrow highlights a transverse, linear density in

the fibula with cortical irregularity and overall osteopenia.

Fig. 3 A chest radiograph shows osteopenia throughout. The inset and

arrow note a minimally displaced cortical disruption of the left fourth rib.
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Discussion and Treatment

The presentation of a young woman with chronic, multifocal

bone pain is concerning for infectious, traumatic, rheuma-

tologic, metabolic, and neoplastic etiologies. This patient

had pain for more than 2 years, a normal leukocyte count,

and no other constitutional symptoms, making infection less

likely. The patient denied any prior trauma. Rheumatologic

causes also were unlikely, considering the presenting frac-

ture pattern and negative laboratory workup. Radiographic

studies revealed diffuse osteomalacia most consistent with a

metabolic etiology. Osteomalacia is characterized by

reduced bone density attributable to decreased mineraliza-

tion of newly formed bone matrix. Underlying abnormalities

include abnormal matrix, as in chronic renal failure, and

abnormal alkaline phosphatase function, as in hypophos-

phatasia. Changes in pH at the site of bone formation, as in

renal tubular acidosis, also can cause osteomalacia, as can

inhibitors of bone formation, such as bisphosphonates.

Mineral deficiencies, such as vitamin D deficiency and

hypophosphatemia, also are related to decreased bone

mineralization. This disease usually presents as proximal

weakness associated with muscle wasting and hypotonia in

the lower spine, pelvis, and lower extremities and at sites of

pathologic fractures [22]. Osteomalacia usually is indicated

radiographically, with nonspecific findings, such as thin-

ning of the cortex and reduced bone density. More specific

signs include loss of secondary trabeculae and concavity of

the vertebral bodies. Looser zones may be present in the

femur and pelvic rami, appearing as narrow (\ 5 mm)

radiolucent lines lying perpendicular to the cortical margin

[9]. Laboratory analysis can show elevated alkaline phos-

phatase (94%), increased parathyroid hormone (41%), and

low calcium or phosphate (47%) [3]. A definitive diagnosis

is made with bone biopsy, showing unmineralized matrix, a

widened osteoid seam, and high osteoid volume ([ 10%).

Double tetracycline labeling usually reveals a reduced

distance between bands, attributable to decreased skeletal

growth rate [22]. In our patient, there was clear clinical and

radiographic evidence of osteomalacia. The underlying

cause was unlikely to have been an undiagnosed congenital

abnormality in mineralization, and considering the

patient’s normal renal function, mineral deficiency and

direct bone inhibition seemed most likely. Although a

biopsy-proven diagnosis was not obtained, several clinical

characteristics helped rule out certain disorders.

Vitamin D deficiency occurs with decreased sun

exposure, decreased intake, malabsorption, defective

endogenous processing, and end organ resistance. Labora-

tory evaluation can reveal secondary hyperparathyroidism,

low to low-normal calcium, hypophosphatemia, and ele-

vated alkaline phosphatase. Our patient had a regular diet,

normal renal function, and adequate sun exposure, making

severe vitamin D deficiency less likely.

Hyperparathyroidism occurs in the setting of adenoma,

hyperplasia, and carcinoma, causing increased bone

resorption and hypercalcemia in 90% of patients, hypo-

phosphatemia, increased alkaline phosphatase activity, and

in some patients, mild metabolic acidosis and normochro-

mic, normocytic anemia [17, 21]. Although 80% of patients

are asymptomatic, some may experience fatigue, nephro-

lithiasis, bone pain, abdominal pain, or psychiatric

complaints [23]. Hyperparathyroidism was an unlikely

contributor in our patient, who was symptomatic, had a

normal serum calcium level and a benign-appearing para-

thyroid gland on bone scan.

Neoplastic disease, either metastasis or primary hema-

tologic tumor, can present with severe pain, hypercalcemia,

Fig. 4A–B (A) A T2-weighted coronal MR image of the pelvis

shows no increased signal in the left hip but an area of increased

signal in the base of the right femoral neck. (B) An enlarged T2-

weighted MR image of the left hip shows a linear low-signal fracture

extending to the cortical margin along the compression side of the

femoral neck with surrounding T2 hyperintense edema.

Volume 467, Number 4, April 2009 Chest and Leg Pain in a 34-year-old Woman 1115

123



pathologic fractures, spinal cord compression, and other

nerve compression syndromes [20]. Our patient, however,

had a chronic course inconsistent with widespread neo-

plasm, no radiographic evidence of a distinct primary or

metastatic lesion, no constitutional symptoms, and no

laboratory evidence of primary or hematologic malignancy.

Aluminum toxicity is a rare disorder that typically occurs

in patients receiving total parenteral nutrition [14] and in a

small percentage of dialysis patients using aluminum-

containing phosphate binders, antacids, and dialysates [13].

Accumulation of aluminum leads to bone pain, weakness,

mutism, dysphonia, microcytic anemia, and hypercalcemia.

Toxicity can progress to pathologic fractures, seizures,

dementia, and death [16]. Radiographic manifestations of

aluminum toxicity include demineralization, multiple

fractures, avascular necrosis, and destructive arthritis [16].

Although this presentation is similar to that of our patient,

there has been only one report of antacid-induced aluminum

toxicity in a patient with normal renal function [26].

Hypophosphatemia can occur with increased urinary

phosphate excretion, as in hyperparathyroidism and vita-

min D deficiency, or with redistribution of phosphate into

cells, as in insulin infusion and refeeding syndrome [19].

The most common cause is decreased intestinal absorption,

as in dietary deficiency, antacid abuse, and malabsorption.

Symptoms include proximal muscle weakness, dysphagia,

ileus, bleeding, respiratory depression, congestive heart

failure, confusion, seizures, and delirium [15]. The diag-

nosis is confirmed by simple laboratory testing, and an

elevated urinary phosphate secretion ([ 100 mg/day) can

indicate primarily renal etiologies.

Aluminum-containing antacids are considered first-line

therapy for reflux disease [18]. Although generally benign,

aluminum- and magnesium-containing antacids can nega-

tively influence bone physiology. Reported cases of

antacid-induced osteomalacia typically involve patients

who are self-prescribing antacid doses greater than 10 g

per day [1, 4, 5, 7, 8, 10, 12, 24]. Chines and Pacifici [5]

reviewed 13 such cases and found patients took between

2.3 to 20 g daily for 1.5 to 12 years before diagnosis. The

aluminum or magnesium component of these drugs binds

dietary phosphate, preventing its intestinal absorption and

causing a negative phosphate balance typically within 3 to

4 weeks. The resulting hypophosphatemia is thought to

prevent proper nucleation of mineral salts into the bone

matrix, causing osteomalacia [6, 11]. In addition, hyper-

calciuria can appear within 2 weeks [25] and, if not

adequately supplemented in the diet, can lead to increased

bone resorption via parathyroid hormone [2].

These derangements manifest themselves as skeletal

pain and weakness in nearly all cases reported. In one

report of patients with antacid-induced hypophosphatemia

(0.19–0.77 mmol/L [normal, 0.80–1.60 mmol/L)], eight of

10 had hypercalciuria (4.09–22.60 mmol/day [normal,

1.2–6.2 mmol/day]), nine of nine had hypophosphaturia

(0.0–0.96 mmol/day [normal, 9.6–32.3 mmol/day]), 10 of

12 had elevated alkaline phosphatase, and 12 of 12 had

normal serum calcium. Radiographic manifestations

included diffuse osteopenia in 10 of 13 patients reviewed.

Approximately half the patients also had fractures, with

pseudofractures and subperiosteal erosions occasionally

seen. Fractures typically occurred in ribs 2, 3, and 4, ver-

tebrae, hips, and pelvis [5].

Given the presentation and medication history, a pre-

sumptive diagnosis of antacid-induced hypophosphatemic

osteomalacia was made in our patient. A bone biopsy was

not deemed necessary and, as such, a definitive diagnosis

was never made. Histologic reports of patients with similar

primary disease, however, consistently show unmineralized

matrix seen as widened osteoid seams ([ 15 lm), with an

osteoid volume greater than 10% [22]. The patient was

instructed to discontinue all antacids immediately. Her

ankle fracture was treated with a walking boot. Her hip

fracture was treated nonoperatively with crutches and

instructions to protect weightbearing. For her reflux dis-

ease, she was educated on lifestyle modifications and

instructed to followup with her primary care doctor

immediately for treatment. She had experienced resolution

of bone pain and was able to tolerate full weightbearing

and resume baseline activity within 3 months of treatment

and cessation of antacids. At last followup at 12 months,

the patient was free of pain and stabilized on calcium,

phosphate, and vitamin D supplementation.

Acknowledgments We thank the Massachusetts General Hospital

radiology and orthopaedic staffs for help in obtaining patient infor-

mation. We also thank Courtney Cassidy for her contributions.

References

1. Baker LR, Ackrill P, Cattell WR, Stamp TC, Watson L. Iatro-

genic osteomalacia and myopathy due to phosphate depletion. Br
Med J. 1974;3:150–152.

2. Baylink D, Wergedal J, Stauffer M. Formation, mineralization,

and resorption of bone in hypophosphatemic rats. J Clin Invest.
1971;50:2519–2530.

3. Bingham CT, Fitzpatrick LA. Noninvasive testing in the diag-

nosis of osteomalacia. Am J Med. 1993;95:519–523.

4. Carmichael KA, Fallon MD, Dalinka M, Kaplan FS, Axel L,

Haddad JG. Osteomalacia and osteitis fibrosa in a man ingesting

aluminum hydroxide antacid. Am J Med. 1984;76:1137–1143.

5. Chines A, Pacifici R. Antacid and sucralfate-induced hypophos-

phatemic osteomalacia: a case report and review of the literature.

Calcif Tissue Int. 1990;47:291–295.

6. Coburn JW, Massry GG. Changes in serum and urinary calcium

during phosphate depletion: studies on mechanism. J Clin Invest.
1970;49:1073–1077.

7. Cooke N, Teitelbaum S, Avioli LV. Antacid-induced osteoma-

lacia and nephrolithiasis. Arch Intern Med. 1978;138:1007–1009.

1116 Kaufman et al. Clinical Orthopaedics and Related Research

123



8. Dent CE, Winter CS. Osteomalacia due to phosphate depletion

from excessive aluminum hydroxide ingestion. Br Med J. 1974;1:

551–552.

9. Frame B, Parfitt AM. Osteomalacia: current concepts. Ann Intern
Med. 1978;89:966–982.

10. Godsall JW, Baron R, Insogna KL. Vitamin D metabolism and

bone histomorphometry in a patient with antacid-induced osteo-

malacia. Am J Med. 1984;77:747–750.

11. Harrison JE, Hitchman JW, Hitchman A, Hasany SA, McNeill

KG, Jam CS. Differences between the effects of phosphate defi-

ciency on bone metabolism. Metabolism. 1980;29:1225–1232.

12. Insognia KL, Bordley DR, Caro JF, Lockwood DH. Osteomalacia

and weakness from excessive antacid ingestion. JAMA.
1980;244:2544–2546.

13. Jaffe JA, Liftman C, Glickman JD. Frequency of elevated serum

aluminum levels in adult dialysis patients. Am J Kidney Dis.
2005;46:316–319.

14. Klein GL. Metabolic bone disease of total parenteral nutrition.

Nutrition. 1998;14:149–152.

15. Knochel JP. The pathophysiology and clinical characteristics of

severe hypophosphatemia. Arch Intern Med. 1977;137:203–220.

16. Kriegshauser JS, Swee RG, McCarthy JT, Hauser MF. Aluminum

toxicity in patients undergoing dialysis: radiographic findings and

prediction of bone biopsy results. Radiology. 1987;164:399–403.

17. LoCascio V, Adami S, Galvanini G, Ferrari M, Cominacini L,

Tartarotti D. Substrate-product relation of 1-hydroxylase activity

in primary hyperparathyroidism. N Engl J Med. 1985;313:

1123–1125.

18. Morrissey JF, Barreras RF. Drug therapy: antacid therapy. N Engl
J Med. 1974;290:550–556.

19. Paterson CR. Hypophosphataemia: a dangerous disorder. Nutri-
tion. 1996;12:540–541.

20. Roodman DG. Mechanisms of disease: mechanisms of bone

metastasis. N Engl J Med. 2004;350:1655–1664.

21. Ruda JM, Hollenbeak CS, Stack BC Jr. A systematic review of

the diagnosis and treatment of primary hyperparathyroidism

from 1995 to 2003. Otolaryngol Head Neck Surg. 2005;132:

359–372.

22. Russell JA. Osteomalacic myopathy. Muscle Nerve. 1994;17:

578–580.

23. Silverberg SJ, Bilezikian JP. Evaluation and management of

primary hyperparathyroidism. J Clin Endocrinol Metab. 1996;81:

2036–2040.

24. Sivas F, Gunsen O, Ozoran K, Alemdaroglu E. Osteomalacia

from Mg-containing antacid: a case report of bilateral hip frac-

ture. Rheumatol Int. 2007;27:679–681.

25. Spencer H, Kramer L, Norris C, Osis D. Effect of small doses of

aluminum-containing antacids on calcium and phosphorus

metabolism. Am J Clin Nutr. 1982;36:32–40.

26. Woodson GC. An interesting case of osteomalacia due to antacid

use associated with stainable bone aluminum in a patient with

normal renal function. Bone. 1998;22:695–698.

Volume 467, Number 4, April 2009 Chest and Leg Pain in a 34-year-old Woman 1117

123


	Orthopaedic &middot; Radiology &middot; Pathology Conference: Chronic Multifocal Chest and Leg pain in a 34-year-old Woman
	History and Physical Examination
	Imaging Interpretation
	Differential Diagnosis
	Diagnosis
	Discussion and Treatment
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


